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MODIFICATION OF HARCOURT'S COLOR TEST. MR. FLINDERS PETRIE'S DISCOVERIES IN THE FORTH BRIDGE.* 
By WILLIAM G. HICKS. Assistant Engineer of the 
Ralllsgate Corporation Gas Works. 
As promised in my article appearing in last week's 
Journal, I will now give a deSCrIption of the modifica­
tion of Harcourt's color test which I have used with 
great success. 
Referring to the illustrations, A is the platinized 
pumice bulb; B is the test glass for sulphuret.ed hy­
drogen, with !',cetate of lead paper suspended in the 
tube 1 ; C is a test glass, to be placed second in testing 
for alllmonia and carbonic acid. It is provided with a 
tube, 2, partly filled with beads. The rest of the appa­
ratus is the sallie as Mr. Harcourt's, except the meas­
ures, which are divided into cubic centimeters. 
Test j01" Ammonia.- Place a llIeasured alllount of 
standard solution of sulphuric acid (the sallie as is used 
with the bottle described in Illy prevIOus communica· 
tion) into the test glasses-about two-thirds into No.1 
and one-third into No. 2 (see Fig. 2). The solution put 
into No. 2 should be passed through the beads in the 
tube 2; fill up with distilled water, if necessary; con­
nect to the aspirator as shown; then attach the inlet 
of No.1 test glass to the tu be fro:n which the gas is is­
suing; and turn on the tap of the aspirator to give a 
very thin stream. Having allowed one liter of gas to 
pass, note the amount of exhaust shown by the gauge 
on the top of the aspirator. Now disconncct from the 
gas supply, and pass about 20 c. c. of air \
...�
isconnect 
the test glasses; wash down the beads of .N o. 2 ; and· 
titrate with standard solution of potash. The correc­
tions, etc., are the same as described in the last article. 
except that the exhaust in the top of the aspirator af­
fects the volume of gas, and should be corrected for as 
described below. 
Test fol' Sulphu1"eted Hyd1"ogen.-A measured quan­
tity of standard solution of acetate of lead i� placed in 
one test glass (B), as indicated i n  Fig. 1; and gas is as­
pirated through until the solution is saturated with 
sulphureted hydrogen, which is shown by the lead 
paper susp!!nded ill the tube (Fig. 1) just turning brown 
at the lower edge. The amount of water let out of the 
aspirator having been noted, the calculation is as fol­
lows: Say 10 c. c. of standard lead solution was placed 
in the test glass, and it required 1,385 c. c. of gas to 
saturate it with sulphureted hydrogen, then as 1385 : 
1000 : : 10 = 7'22 c. c. of sulphureted hydrogen per 
liter. N ow correct for temperature and pressure. A 
small piece of wool should be placed in the bottom of 
the tube 1, so as to prevent the solution from soiling 
the lead paper. 
Test far Carbonic Acid.-Standard barium hydrate 
solution is placed in the test glasses, in the same man­
ner as descl'ibed in the test for ammonia; and one liter 
of water is let out of the aspirator. Then 200 c. c. of 
air (which has been previously freed frolll carbonic acid 
by being sent through a small quantity of barium hy­
drate solution) is forced through. A piece of wool or 
other material shOUld be placed in the outlet of the 
vessel containing the barium hydrate, so as to prevent 
any beillg carried forward into the test glasses. Color 
with phenol phthalein, and tirate with standard hy-
drochlQric acirl. 
• 
Oarbon Bisulphide .-This test is the same as that 
given for sulphureted hydrogen, only the gas is drawn 
through the platinized pumice bulb of Harcourt's 
coJor test, t,o convert the bisulphide of carbon int.o sul­
phureted hydrogen. The result in cubic centimeters, 
after correction, should be divided by two, and will 
then equal the volume of bisulphide of carbon in the 
gas. 
C01'1'ections for Exhaust, etc.-For example, suppose 
that we found 12 '5 c. c. of carbonic acid in one liter of 
gas (as measured by the water let out), with the ther­
mometer at 6tf Fahr., and the bal'Ometer at 29'8 inches: 
and that the gauge on the aspirator showed 6� inches 
exhaust on a column of water: Snbtract Yz inch frOIl  
the height of the barometer for this 6� inches ex­
haust; then as the tabular number 956 : 1000 : : 12 -5 
= 13'07 c. c. per liter, or 1'307 per cent. 
The test solutions used for absorbing ammonia and 
carbonic acid should be at least 10 c. c. in excess of the 
alllount actually required to combine with the quantity 
of these gases that are likely to be present. 
For sulphureted hydrogen, I find about 1001' 15 C. c. 
a convenient amount of acetate of lead solution; pass­
ing gas until it is saturated, as llIentioned above. 
The oottle described in my last communication 
makes a very convenient liter measure for the aboye 
tests, especially when used in conjunction with a smaller 
measure with tiner divisions. It will be noted that the 
bisulphide of carbon test can be performed most accu­
rately in a few llIinutes : and that by adding 6 or 7 
grains to the bisulphide of carbon found (after convert­
ing it into grains per 100 cubic feet), the operator will 
have the total sulphur compounds present in the puri­
fied gas. 
In conclusion, I may say that this apparatus is port­
able. and, in my opinion, far superior to the old forlll : 
and I consider that the methods of using it described 
in this article will give the operator most accurate }'e­
sults.-J01�rnal of Gas Lighting. 
BUILDERS in Germany have for some time found 
that a compound of cork, lillle and sand, moulded into 
bricks, Illal,es partition walls that are light and stop 
sonnd and exclude heat and cold better than common 
briek. 
EGYPT. By F. E. COOPER, M.LC.E., Resident Engineer. 
WHAT tropical vegetation has done for Central To the request to prepare a paper on the Forth 
America and Hindostan in concealing their architectu- Bridge for the present meeting, I at once assented, on 
ral remains, the sands of the desert have done for the understanding that it should take the form of a 
Egypt, and many of those marvels which astonished continuation of that COllllllunicated to the Instit ute on 
th t· Id h I' I the occasion of their visit in 1885 by Mr. B. Baker e an Ique wor ave am covered up from t 1e eyes who, with Sir John Fowler, is J'oint engineer of th� of men for generations uncounted. The art of Egypt, structure. ail expressed in architecture and sculpture, has, as we 
know, suffered much, as in other Ea�tern lands, from I, therefore, propose to confine myself principally to 
the action of earthquake, and of war, no less blindly a general description of the llIethods etuployed in the 
pitiless and fitful. But in this, as in many other re- erection of the various portions of the main spans. and 
spects, the individuality of Egypt is emphasized, and in doing so, must crave the indulgence of my audienc� 
Tillie's effacing fingers in her case creep over her un- !f at times I appear to be guilty of the sin of plagiar-
tiringly in the shape of desert sands. Ism. 
The great Sphinx, looking far over the plains at My excuse must be that the interest excited by the 
Ghizeh with its calm eternal eyes, was, till the other great work-the subject of this paper-having called 
d b ' d k d h d f d '  forth so many descriptions, sOlUe of great technical ay, UrIe nec - eep in t e esert dri t, an It llIay interest, cOlUmunicated to s('ientific and learned socie­be ahnost said that the Pyramids alone have been able 
to spurn the effusive and ever-persistent advances of ties, others appearing in the periodicals devoted to 
the wilderness . There are, howe,-er, countless cities in engineering and kindred matter, and others, again. of 
the Delta which have been submerged for llIany centu- lUore popular intere�t which have formed the su LJject 
ries under a perfect Zuyder Zee of sand, and it is only of newspaper articles and pamphlets 1IJ0re or less cor­
when travelers like Mr. Flinders Petrie, gifted with rectly inspired, I experience very great dilllculty in 
knowledge and sustained enthusiasm, and endowed finding anything novel, or of special intere�t, to claim 
with all the instincts of the explorer, address them- your attention. 
I . h I d t As it is possible that "Olne of those present ha\'e not se ves to uncovermg t ose ost an forgotten cen ers of clearly in their minds the information contained in the public life of the distant past, that we begin to M B k realize for ourselves the startling relevancy of that past r. a er's paper of 1tl85, before referred to, I will first 
to the present. The Assyrian sculptures brought to give a short 8U11111lary of its contents. 
thls country by Layard give a far better idea of the The Forth Bridge is the IlIOSt important link in the direct railway communication which the North British grandeur of that city by the Tigris whose founder was R h a mighty hunter before the Lord. than whole libraries ail way and t eir allies, the Midland Railway Com-· 
of written matter. So, again, the gilded m umlllY cases pany and the East Coast Com panies-the Great 
with their painted portraiture-which their discoverer, Northern and the North-Eastern Railway Companies 
Mr. Flinders Petrie, is now exhibiting to the public in -are
 seeking to co lIplete between Edinburgh on 
the EO'vptian Hall Piccadilly-are quite a revelation the. one I�and and Perth and Dundee �n the other, 
especi'?tlly as regards the limner's art during the ROllla� ' whIch WIll en�ble them to cOlllpete WIth the West 
occupation of Egvpt-or to be a little ltJore precise' Coast .ColllpaTlleS for the North of Scotland traffic on 
during the second and third centuries of our era Thi '. equal l.f not 1II0re favo�able terms. 
marvelous find enables us to follow the history of ar� Parhal�len�ary SH.nctlOn. for t�e pr�sent ro�te of this 
in its transition from the stereotyped forms of Egypt 
COIll.llJIlTIICatlOn was o\�talfle(� m 1813; b�t.lt was :r:ot 
to the lifelike paintings of GraJco-ROlllan art ulltll 18tl2, after recon�lderatlOn of the ol'\gllJal de��g-n 
Mr. Flinders Petrie seellls to have devoted' his life to of the structure. cross!lJf\" the Forth, and tl�e adoptl?n 
Eg"ptian research and durin.,. the last seven or eight of that now bemg carrIed out, that anytlullg defilllte 
J h ' . 9 L . was commenced. years as spent every wlllter III ower Egypt and ItS Th t t l  I 'tl f th . 1 t '11 be 8 296 ft neighborhood. But it was in the spring of this present I
e �/.
a en/-. 1 0 e VI�( uc WI , ., or 
year that, searching for the remains of the Labyrinth near y 1,8 Hllles, and there al.e two spans 1,710 ft., two 
described by Herodotus-which he not only discovered of 68' ft .. fifteer� of 168 ft. gIrders, four of 57 ft., and 
b t bl I . ' three of 25 ft. belllg masonry arche�. u was a e a so, bv lIleans of a fragment of hlero- Tile clear} ea(1 y fo . t' '11 b t l I h d I' t t··d t 'f th 'd I t b f I wa I' na vlga IOn WI e no ess g yp e Imes one, 0 I en ly e pyraml a om 0 than 1 50 ft. for 500 ft. in the center of the 1 ,710 ft. spans. 
its builder, Amenemhat III., of the 12th Dynasty-he 
happened upon an extensive cemetery belonging to the 
GraJco Roman period. And here, again. the individu­
ality of Egypt asserts itself, in the view of that wonder­
ful civilization which is the fountain head of all our 
western knowledge, yielded not only by her palaces, 
but by her tom bs. This cemetery or necropolis covers 
about a hundred acres, and Mr. Flinders Petrie makes 
its existence known to the world for the first time. It 
appears to lie near the site of the Labyrinth which for 
so many age� was the wonder of the world. Mr. Petrie 
has exhumed hundreds of Illummies and countless ob­
jects of interest buried witb the dead-such as amulets, 
funerary vases in limestone, in which the Egyptians 
placed the viscera of the departed, and other objects. 
The lids of these canopic vases represent the heads of 
various animals, such as the hawk, the jackal, the ape. 
and others; while the vases themselves are quite clas­
sical in their contour. Some of these, as well as several 
of the children's toys, including a bedstead, a terra 
cotta sedan chair, an incense burner, a rag doll, and a 
couple of tops such as British boys spin to-day, a tin­
ned copper mirror. a set of leather workers' needles, a 
round glass lens for concentrating light. such as our 
policemen carry in their lanterns, a wheel bird, a flint 
knife, a child mummy, are among the numerous arti­
c1es; but what is most interesting to the art student is 
the splendid series of portraits painted on panel with a 
wax medium. They are mostly full-face and life-size, 
and were fastened over the faces of the elaborately 
bandaged mummies. In most. instances, the body 
itself is crossed and recrossed diagonally with narrow 
bands of a white woven fahric, so as to form a pattern 
of sunken lozenges, in the centers of which are small 
round gilt knobs. The manner in which this lozenge­
shaped opening, by slight gradations, narrows itself to 
the bottom is mathematical in its n icety, and the gen­
eral effect is rich and soft. 
With the thorough conviction of the soul's iIumor­
tality, the Egyptians in all ages did their best to make 
death beautiful; but in the Ptolelllaic and Antonine 
epochs Greek art, which is the presentment of Nature 
herself, was grafted on to Egyptian conventionality, 
and beauty was crowned with joy. "Think not of 
the wan, sunken face within," the artist seems to say 
to us; "but remember your dear 108t one as she liverl, 
with the glow of life qnivering on her cheek and the 
light of life beaming from her eye." These heads are 
by various artists. some of them wielding a hrush as 
vigorous as that of Velasq uez, and others a pencil as 
deli\Jate and refined as that of Sir Frederick Leighton 
or Bouguereau. There is no mistaking the fact that 
they are all veritable portraits of men and women who 
have been coffined these 8eventeen centuries, and it is 
earnestly to be hoped that Mr. Petrie's IIlIltchless treas­
ures will find their ultimate hOllle in the N arional Gal­
lery and British Museum.-J. F. R., in Illustrated 
London NiWS. 
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The extreme height of the structure is 361 ft. above 
and the extreme depth of foundatiolls 91 ft. below the 
level of high water. 
There will be about 53,OCO tons of steel in the super­
structure of the viaduct, and about 140,0011 cubic yards 
of masonry and concrete in the foundation and piers. 
The main piers, three in number, con�ist each of a 
group of four masonry columns, faced with granite, 49 
ft. ill diallleter at the top, and 36 ft. high, which rest 
either on the solid rock or on concrete, carried down 
in most cases by lIIeans of caissons, of a maximum dia­
meter of 70 ft., to the rock or buwlder clay, which is of 
almost equal solidity. 
The stresses to be provided for are those arising 
fro 11 the weig-ht of the :structure itself, the rolling load, 
and wind. as well as from change of temperature. 
The rolling load had been taken as 1 ton per foot 
run on each line of rails over the whole structure, or a 
train 011 each line consisting of sixty short coal trucks 
of 15 tons each, headed by 2 locolllotives and tenders 
weighing' in the aggregate 142 tons. 
The wind-pressure provided fOl' is a pressnre of 56 lb. 
per square foot striking the whole 01' any part of the 
exposed surface of the bridge at, any angle with the 
horizon. tile total allloullt on the main spans being 
estimated at n early 8,000 tons. 
The llIaterial u�ed throughout is open heal·th or 
Siemens-Martin 8teel. That used for parts �ubject to 
temion is specified to withstand a tell8ile strellgth of 
30 to 33 tons to the square inch, with an elongation in 
8 in. of not less than 20 per cent. ; that subject to COUl­
pression only, a tensile stress of 34 to 3i tons per square 
inch, with an elongation in 8 in. of not le�s than 17 per 
cent. Strips of each class 1� in. wide are to bend cold 
round a bar, the diameter of which is double the thick­
ness of the strip. The tensile strength of the ri vet steel 
is 26 to 30 tons per square inch. 
The superstructure of the main spans is made up of 
three enormous double cantilevers resting on the three 
piers before mentioned. Tho�e on the shore sides are 
1,505 ft. and that on Inch Garvie (an bland fortuitou�ly 
dividing the deep water space into two channels of 
nearly equal width) is 1,620 ft. in length; the effective 
depth over the piers is 113iJ ft., and at the ends 35 ft. 
The center portions of the two 1,710 ft. spans on each 
side of luch Gan'ie are formed by two lattice girders 
350 ft. in length and 50 ft. deep in the center, and 37 ft. 
deep at the ends. 
The compres�ion members of the cantilevers are, as a 
rule, forllled of tubes either circular in form or circular 
with tlattened sides. 
The tension members are girders quadrangular in 
section; the booms a t  their coruers take the strains, 
and the vertical and horizontal bracing of the sides 
keep thelll stiff against the effects of their own weight 
and wind respectively. 
The steel is delivered at the worl{s in plates cut 
nearly to size, and as angle bars of various sizes and 
lengths. 
Plates which have to be bent or shaped are so treat­
ed at a red heat in hydraulic presses with moulds of 
special construction, and all edges are planed. 
The plates and bars, whether cOIlJPo�ing circular 
members or the booms of the girders, with all the re­
quired covers, etc., are as a rule asselll bled in their ex­
act positions, 'and operated upon by drills of special con­
struct.ion, which, traversing their whole lellgth, bore 
nearly all the holes required for the riveting. 
I will now proceed to describe in as concise a lllanner 
as possible how the superstructure of the Forth bridge 
has up to the present titue been erected, and what 
modificatiolls were found advisable during the progress 
of the work. 
It will be convenient to divide the subject into the 
three following prineipal gl'Oups . 
* Paper read before the Iron and Steel IUlititute at Edinburli:h.-FI'Om 
Enqine6rinq. 
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I. The erection on timber staging. glvmg I'upport 
from beneath, by the use of ordinary derrick cranes. 
II. The erectiun by special appliances placed on ex­
teusive platforms, or scaffolding, which varied in posi­
tion according" to the prugress of the work. 
III The erection by means of special cranes, which. 
resting on the me!ubers thelm;elves, enabled the latter 
to be extended, and in turn become the support of the 
former. 
This last system allowed the use of temporary appli­
ances to be reduced to a minimum. 
GROUP I. -The first plates of the superstructure com-
The principal conditions laid down w ith reference to 
t.he cent.ral portions of the double cantilevers were: 
1. That in order that the men should be able to work 
at any height in as great security and comfort as if on 
the level of the ground, platforms or scaffolding of con­
siderable area should be provided. 
2. That the raising into position of the several parts 
of the structure should be as little as possible inter­
rupted by wind, the ordinary derrick cranes not being 
then considered applicable. 
3. That the weight of the platforms and apparatus 
should not llluch exceed 400 tons. 
THE FORTH BRIDGE. 
prised in this division, that were dealt with, were the 4. That the connections forming the supports should lower bed plates, which rest on the masonry piers, and not bring excessive strains upon any part of the per­ul timately transmit to them the whole weight of the manent structure. 
superstructure, rolling load. etc. The plates forming 5. That no ralJJs of the lifting apparatus should have these were put together upon iron supports sufficiently to exert a lift.ing force of much more than 100 tons. high to enable the girders carrying the holders-up of 6. That the platforms should form ultimately stages the hydl 'aulic riveters to be manipulated beneath. for building the top mellJ bel'S over the piers. Under ordinary circumstances the upper bedplates 7. That. for the sake of economy, mat.erial forming would be the next parts put together, but the sk"w- part of the permanent structure should be made use of backs. as the massive junctions at this point are termed, temporarily as much as possible. and of whi<;h they formed the foundations, were not as Thtl platforms provided were two in number, one on a mle suffiCIently advanced to enable this to be done. each side of the axis of the bridge. They were 20 ft. Therefore. to save time, the tubular bottolll mem bel'S I wide, and 200 ft. long at Fife and Queensferry, and 350 ?etwe�n th� skewba�k.s were �rst erected and riveted ft. long at Garvie, composed of tim bel' planking and 
III tlwlr ultl luate pOSItIOn, and m some cases, for a simi- joist�, which rested on two longitUdinal girders, oneon lar reason, the transverse and diagonal bracing girders each side of the vertical columns. formed of part of the wert; cOl llpleted. at an early stage. As soon as it was boollls and bracing of the first permanflnt ties of the pOSSIble to obtam them, the upper bedplates and skew- cantilever. These were carried by cross girders, con­backs were erected, the fOJ'Juer, as in the case of the structed of plates forming part of the second and third lower .bedp'late;s. in a� elevated position. for conveni- permanent struts, passed through the northern and ence m �'Ivetlll�, being . afterward lowered. Next sonthern pairs of vertical colU1uns. respectively, plates those portIOns 01 the vertIcal colulIlns, diagonal strut,s being temporarily omitted for the purpose. A double and bottom members over the piers and first struts I set of short cross girders inside each vertical colullJn and bO�tOUl members of thefirst bay of the cantilevers, formed the supports for the hydraulic jacks, which extendmg to about 40 ft. above 01' beyond the masonry. raised, when necessary, the cross girders first referred 
levAl of the platforms. These were theu taken by 
small trolleys to a goliath, running along temporary 
rails on the surface of each platform, which lifted t hem 
into and held them in place while they were bolted to 
those previously built. Riveting machines, of special 
and ingenious design, suspended below the platform, 
dealt with those portions uf each tube allotted to them. 
As soon as a 16 ft. length of the vertical columns was 
riveted below, and a similar length added above, the 
hydraulic j acks were set in action, and the platfurms 
were raised, by successive steps of 1 ft. , a height of 16 
ft. , when the above described operations of building 
and riveting were resumed. 
In this way those Oil the center portion of the Queens­
ferry cantilevel' were raised the extreme distance of 281 
ft. in about twenty-four weeks. The platform girders 
were then trussed by links formerly used in old H am­
mersmith Bridge, and upon them the massive girders 
forming the top members of the cantilevers, between 
the vertical columns, were put together and riveted. 
The timber platform was then laid upon the latter, and 
the lifting platfurms and their girders and other ap­
paratus were taken apart and lowered piecemeal. 
The lower members of the cantilevers, formed of 
tubes 12 ft. in diameter, were extended outward from 
the piers for about 40 ft. by means of ordinary cranes. 
Beyond that point they were erected by Illeans of a n  
ingeniously devised crane, fitted with hydraulic lifting. 
turning. and traversing gear. This crane was seated 
on a carriage movable along the top of a framework 20 
ft. square and 48 ft. long. first built in sections upon 
and surrounding the tube itself. As each section of the 
latter was completed in front (the men employed in 
bulting up, etc .• standing un the tiUlber flooring sup­
ported on the bottom of the framework). the crane was 
used to transfer the sections of the framework, previ­
ously unbolted, from the back to the front. and in this 
way the tube, by successive operations, was built out 
for a distance of about 160 ft. from the piers. 
As in the case of lifting platforms for the central por­
tion, the objects kept in view in the design of this ap­
paratlls were large working platforms for the Ulen and 
for the putting in place of material cranes actuated by 
hydraulic power with a short lift. 
For the erection of the lower portion of the first strut, 
and of the first vertical tie and support to the internal 
viaduct, lifting platforms. similar to but smaller than 
those first described. raised by jacks placed in the ver­
tical tie and on the vertical columns. were used. These 
were originally intended to have been carried up to the 
level of the under Ride of the top members, and upon 
them, when strengthened, those members were to have 
been built ; but the experience gained up to this time 
as to the ability of the men to work unaffected ilJ situa­
tions more exposed"than was at first deemed ad visahle, 
as well as to the ease with which large and heavy pieces 
of material could be raised great heights by ordinary 
cranes and tackle with little interruption from any­
thing but a strong wind, rendered it possible for a ll'J'eat 
modification to be made in the mode and apparatus 
made use of, and these platforms were carried no higher 
than the level of the intersection of the first ties and 
struts. 
The appliances used on the erection up to ihis point. 
though amply fulfilling all the conditions of the pro­
blem, were necessarily slow in action. and costly to 
lIJake, put together, and take down ; and it must be 
borne in mind that when the vertical columns. with 
their bracing and top and bottom members connecting 
them, were completed, an immensely powerful sup­
port was available, from which the other members of 
the cantilever and the internal viad uct could be held 
up by temporary stays as securely as if supported by 
staging on the solid ground below. 
The weight of the portions of Fife and Queensferry 
cantilevers erected under Group II. was about 3,000 tons 
each ; at Garvie it was somewhat more. 
Group III.-With the exception of the first bay of the 
Jube RI.dlm9 
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and within reach of the ordinary derrick cranes. were 
vla('ec1 in position. 
The timber used temporarily in the staging' for the 
support of these amounted to abollt 10,000 cubic feet in 
the case of Queensferry and Fife piers. a nd rather more 
at Garvie. and the amollnt of steel thus erected was 
about 2,000 tons in each of the two former, and 2,600 
tons in t he ease of Garvie. 
The point was now reached at which the appliances 
under Group II. were brought into play, and it was 
only after careful and protracted consideration that the 
system made use of was adopted. 
THE FORTH BRIDGE. 
to. and w ith them the platforms. The cross girders in­
side the columns were supported by llIeariS of pins 
passing through their ends, and through the webs of 
the I bpalllS forming part of the vertical columns. The 
main lifting rallls were 13% in. in diameter, and were 
capable of lifting 240 tons with the water sllpplied to 
them by special pUlllpS, at a pressllre of ahout 30 cwt. 
per square inch. The tctal w<"ight actually lifted by 
the four rallls did not. as a rule. much exceed 45J tons, 
exclusive of friction. 
The plates and beams forming the vertical and dia­
gonal columns were raised by ordinary hoists to the 
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lower members, the first 120 ft. of the internal viaduct. 
and the lower portion of the first struts. the whole of the 
principal mem bel'S of the cantilever are included in this 
group. 
'l'wo types of special cranes are employed. one made 
use of to build the top members and upper hah-es uf 
the struts and ties. The other is traversed alung the 
internal viadllct, and dpals with the rel llailJder o f  the 
work. The top mPlIlber crane is provi(\pd with a hor­
izontal jib, '15 ft. in length, which can be slewed through 
an arc of 230 deg. , and along which the suspending pul­
leys can run. The lifting of the material is effected by 
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a 8team winch, the main drum of which accommodates 
about 400 ft. of wire rope 1%, in. in circumference. This 
crane is supported on a carriage, formed of two steel 
cro!'s g'riders strongly braced, and which rests on the 
upper surface of the an gles connecting the vertical webs 
to the flanges of the booms of the top members, and 
along which, when desired, it is traversed by means of 
powerful screws. 
I n some cases, at the hack of the carriage a hydraulic 
crane is at.tached, along the horizontal jib of which 
run the supports for a hydraulic riveter, used for com­
pleting that part of the work within its reach. An or­
dinary denick crane is sometimes sub/stituted for this 
part of the apparatus. 
Beneath the top member, and st.rongly attached to 
the carriage of the crane, is suspended, on four long­
itudinal girders, a roomy platform of timber, 76 ft. long 
and 45 ft. wide. The building operations are thus car .. 
ried on. Each length of the vertical webs of the top 
melllbers is first raised by the ordinary hoist to the 
level of the internal viaduct. It is then carried on a 
trolley tv a point beneath the jib of the top member 
crane, which raises it to its exact position, and holds it 
there, while the men standing on the platform bolt it 
to that already complete. 
The lower booms are first thus secured, then the ver· 
tical and horizontal bracing bars are fixed, and lastly 
the top boOtlls. When the length is complete, the car­
riage is slid down' a convenient distance, and the build­
ing opeJ'ations are again resumed, and are continued 
I 
until the member reaches the center of the bay. 
When, in the case of bay 1, the overhang was 121i ft., 
and the strain on the vertical bracing (temporarily 
doublt'd) had nparly reached the working strain of 6� 
tons per square inch, with the end of the mem bers de­
flected about 8 in., a temporary continuation of the 
vertical tie in the center of the bay was built up to the 
under side of the top members, and jacks being- inter­
posed, the latter were raised the amount t.hey had de­
flected, and secured by wedges. 
Similar extensions of the vertical ties will be required 
in the case of the other bays in QI'der to support tem­
porarily and adjllst the top members above them, 
The crane then continued the building until the top 
members reached the junction at the upper ends of the 
first struts. where any deflection in them was again reo 
moved, and the permanent connections at, this point 
were completed. 
At convenient intervals, the bnilding of the top mem­
ber was suspended, and the crane elllployed first in 
buildin!!" down the ties, which operation was similar to 
that already described for the top members, except 
that the men occupied stood on small timber stages sus· 
pended from and enveloping the member, and which 
were lowered as required by ordinary tackle. After· 
ward, the upper halves of the struts were built in the 
sallIe way, except that the extension was in the reverse 
direction. 
In order to prevent excessive strain on the unsup· 
ported lengths of both ties and struts, tem porary struts 
from the vertical columns were put in where reqnired, 
light girders and wire ropes being also largely made 
use of. 
'.rhe internal viaduct crane consi!'ts of two masts and 
jibs of the derrick type, the former in line transversely 
with the axis of the bridge, and 16 ft. apart, braced 
strongly together, and secured to a movable tim ber 
frame traversed along the outer rail troughs of the 
viaduct. Each jib is raised and lowered by means of a 
wire rope passing round a drum on the mast, but the 
wire rope lifting the material is passed through a 
sheave at the extremity of the jib; thence it is led 
over a sheave down the center of the mast, and by 
means of guide pulleys to some convenient point. on the 
finished structure, thence to a steam winch, The ob­
ject of separating the power from the crane is to less­
en the weight concentrated at that point, the viaduct 
there being extended much in advance, and, as a rule, 
acting as a cantilever, its outer end being temporarily 
supported by wire ropes to some part of the finished 
structure. 
When the viaduct girders are being extended by 
these cranes, little staging is required, the men being 
able to do the bolting up standing in the troughs form­
ing the top and bottom booms. 
To provide the necessary standing room for the men 
when at work on the lower members, light platforms of 
timber are hung from the tubes by trusses of conveni­
ent form. For the building of the lower portions of 
the struts and ties the same stages are used as described 
in the case of the upper portions of these members. 
THE FORTH BRIDGE. 
Steam winches, with blocks and tackle attached to 
convenient point!', are used to lift into and hold in 
position the parts, not usually exceeding two tons in 
weight each, of the wind and other bracing of the vari­
ous members, the men doing the bolting up either 
hanging on to the parts themselves or standing on 
planks placed where necllssary. 
Wire ropes are now almost entirely used for the 
cranes, running gear, and temporary support, being 
found most trustworthy, and when treated properly, 
should never give way. An extensive series of experi­
ments has been made with regard to the proper use of 
this material, and as a consl'quence the following con­
ditions are adhered to as much as possible: 
The m:.terial should be crucible cast steel. 
The number of wires should be numerous. 
The diameter of the pulleys or drums should not be 
less than six times the circumference of the rope. A 
marked increase in the life of the rope is observed when 
even this proportion is exceeded, the number of bends 
nnder load before beginning to fail with six circumfer· 
ences being 5,000, and with eight circumferences 10,000, 
while destrllction occurred at)5,OOO and 36,000 bends re­
spectively. 
Riveling.-The riveting of the bottom members of 
the cantilever, of the vertical columns, and of portiolls 
of the diagonal struts between them, has been executed 
by hydraulic riveters of special design, the principle of 
which has been to use independent rams for t.he holder­
up and the snap. The holder-up could be traversed 
along a girder usually pivoted so as to revolve on the 
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axis of the tube, or with its ends moving in a race, so 
that the girder moved round the tube parallel to its 
axis. 
In both cases the holder· up preserved its direction 
normal to the surface. '.rhe snap was fixed in a ralll 
which also could be traversed along a girder, the latter 
being movable parallel to the axis of the tube, with its 
ends traveling in slots formed in rings surrounding the 
tube. By this arrangement of mutions both holder­
up and snap could deal with every rivet. The opera­
tion of riveting was as follows: The rivet, properly 
heated, was placed from the inside into its hole, the 
holder-up was brought opposite to it, the valve admit­
ting the water was turned on, the holder-on thrust the 
rivet in up to the head, and held it there, while the ram 
on the outer girder closed the rivet, the same valve ad­
mitting water to both rams, but a slight check in the 
branch leading to the outer ram permitted the rivet to 
be sent home by the inner ram before the pressure was 
applied to form the snap. About 800 rivets could be 
closed by this apparatus in tell honrs. 
The bedplate8, both upper and lower, were riveted 
by similar apparatus, but simplified, inasmuch as plane 
surfaces only had to be dealt with. For the interior 
parts of the skewbacks, where the space was too con­
fined for hand riveting, or for the use of rallls of or­
dinary size, special rams of small size, 4 in. in diameter, 
were used as holders-up and snaps, the necessary power 
being obtained by multiplying the ordinary pre!'sme 
of 1 ,000 lb. about six times, by the use of an apparatus 
fitted with rams 4 in. and 10 in. in diameter. Grab 
machines of various patterns were designed and made 
by Mr. Arrol for the riveting of the top members, for 
the ties, and for parts which could be reached by this 
form of riveter. Mr. Arrol has also greatly simplified 
the subject of riveting by designing and cOIJstructing 
smalll'everberat.ory fumaclls for heating the rivets by 
the blast furnace residual oil. delivered in a. fine spray 
by air at about 20 lb. pres!'ure, through a disintegrator 
of special design. This has been a great success. The 
regulation of the heat is complete, the rivets are uni­
formly heated, the apparatus is 1IJ0re economical than 
hand fires, and is under perfect control. It is also 
cleanly, and the danger frolll fire is lIJuch reduced. 
A small furnace, 1� ft. !Square and 4 ft. long, will 
heat 2.000 rivets per day, at a cost for oil of about.4s. 
As the material used in the construction of the Forth 
bridge is of special interest to the Iron and Steel Insti­
tute, I may be permitted to say that the experience 
gained by the manufacture of nearly 50,000 tons of 
SiellJens-Martin steel work enables us to say that noth­
ing could be better than its behavior. Plates and bars 
have been obtained from several distinct firms, and in  
every case the utmost uniformity has been found, and 
any variation has been in the direction of improved 
ductility. Where 20 per cent. elongation has been re­
quired. 25 per cent. has, as a rule, been obtained, and 
in the harder material it has been increased from 17 to 
20 and above without any difficulty. The cold bend 
tests are marvelous, as the specimens exhibited show. 
The analysefl made in the course of manufacture of 
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the steel show that the proportions of the different 
principal components are generally as follows: 
Carbon . . . . . . . . . .  . .  
Silicon . . . . . . . . . . .  . 
Sulphur. , . . . . . .  , " 
Phosphorus • . . . . . .  
Manganese . . . . . .  . 
Thirty to Thirty-three 
TOllS 
per Square Inch. 
Difference per cent. Iron. 
0 ' 19 
0 ' 23 
0'(124 
0 046 
0'69 
Thirty-four to Thirty­
seven Tons 
per :,;q uare Inch. 
Difference per cent. Iron. 
0 23  
0 · Q.3  
o·� 
0'046 
0'69 
It is hardly necessary to remind you that Sir John 
Fowler an d Mr. B. Baker are the engineers of the 
undertaking. They have furnished designs with 
great mi n uteness of detail for every part of the perma­
nent structure, and have personally supervised the 
llIan ufacture and erection , the methods made us e of in 
the latter having been considered and advised upon by 
thelll. 
Mr. Arrol is the responsible representative of the 
firm of contractors intrusted with the work, and he 
has arranged for and carried out the manufacture of 
the steel work, including the design of the numerous 
special machines, such as multiple drills. bending 
presses, and others necessitated by the large allIount 
of material to be dealt with, as well a!'\ the varied ap­
paratus and machines described in this paper as em-
ployed in the erection. He has in all these been ably 
assisted by his engineering manager, Mr. A. S. Biggart, 
A.M. I. U. K ,  to whom I am much in debted for the loan 
of the cartoons made use of to-day, which were pre­
pared by him to illustrate a paper read by him before 
the Institution of Engineers and Shipbuilders in Scot­
land, on January 24, 1888. 
THE DISCUSSION. 
Sir Lowthian Bell was the first speaker, but he mere­
ly rose to introduce to the meeting Mr. T. C. Clark, of 
New York. who the speaker stated was one of the lead­
ing authorities in America on the science of bridge con­
struction, and whose opinion on this subject could not 
fail to command the fullest respect of all engineers in 
every country. 
Mr. Clark, in response to the invitation to speak, 
commenced by stating that the construction of this 
bridge was so novel and so entirely different to any­
thing before undertaken that it was with the greatest 
modesty he ventured to give an opinion. There were, 
however, one 01' two points on which he could speak 
with certainty. F irst, the bridge not onl y luoked 
strong, but it was strong. Its broad-bottomed con­
figuration spoke of a structure destined to stand the 
roughest usage of the elements. H ere indeed was a 
bridge that no wind. no gale, no tornado could upset. 
It was a mighty object lesson in permanent stability. 
It was also admirably adapted to support its own vast 
superincumbent weight and the moving load it was its 
mission to bear. All the compression members were 
tubes, while the extension members were lattice gird­
ers ; thus showing how just an appreciation its 
creators had of the best disposition of material 
to the work to be done. Like all great engineering 
designs, this was notable for the simplicity and har­
mony of its parts. All was arranged in a plain, com­
mon sense manner. When a strain had to be taken, it 
was carried directly to the part designed. There was 
no crossing to and fro, no development of zigzag 
courses to absorb material needlessly, and create weak­
ness where strength should be. 'l'here was a concen­
tration of material along the lines of strain , and large 
parts Vlere used, by which less surface was exposed to 
wind pressure ; wind pressure, it must be remembered, 
being calculated at double the strain of the train load, 
supposing the bridge were covered from end to end. 
Another point of novelty in the building of this bridge 
was that the engineering shops for its construction 
were brought to the site of the bridge ; but this was 
desirable, if not altogether necessary, from the magni­
tude of the work to be done. 
In speaking of the method of construction, Mr. Clark 
said that the formation of the joints of the enormous 
tubes had always been looked upon in A merica as one 
of the great difficulties in carrying out the work. He, 
for one, had wondered how this was going to be done, 
but when he came to the works and saw how clearly all 
the arrangements had been marle-how models were 
constructed, parts prepared and fitted, all so harmo· 
nious and well ordered-the difficulty was no more exis-
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tent than when Columbus stood the egg on end. It 
was the old story of the simplicity of genius triumph­
ant over difficulties. Another point that had exercised 
his mind was the manner in which the central girder 
was to be put in place between the two overhanging 
cantilevers, but here again there was simplicity where 
confusion might so possibly have intruded. The slid­
ing joints which would allow for expansion and con­
traction in the finished structure were to be tempora­
rily made rigid, and the girder would just be built out 
from each end as an extension of the cantilever until 
the two parts met in the middle. when they would be 
joined up and the sliding joints relieved. Mr. Clark 
wished to indorse the high terms in which Mr. Cooper 
had spoken of the material. In this steel they had not 
only a metal of great strength and endurance. but also 
one of complete uniformity. That was a point of the 
greatest importance, and it could be obtained by using 
this beautiful material. mild steel. Therp. was one 
point in constructive practice, however, in which there 
was a difference between Englif;h and American me­
thods. In his country they were not. in the habit of 
drilling steel as in Britain , but punched their holes 
and then rimered them after. This statement elicited 
scarce suppressed exclamations of horror from many 
parts of the audience ; notably, it seemed to us, from 
the region of the presidential chair and the neighbor­
hood where Mr. James Riley was sitting. This prac­
tice, Mr. Clark added, in evident recognition of the 
emotion his statement had produced, afforded an excel­
lent inspection of the material. He considered a plate 
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that would not bear punching should not be incurpor­
ated in the structure, and he looked on a punched and 
rimered hole as being as good as a drilled hole. 
Returning to a consideration of the bridge as a whole, 
the speaker said that, when completed, it would be 
found to be a great architectural creation. Until it was 
stripped of its scaffoldings and stagings, no definite 
opinion could be formed of this aspect of the design , 
but architectural beauty could not utherwise than ex­
ist in a structure so simple and so harmonious. It was 
true it possessed no ornament constructive or desiglledl Neither did the Pyramids of Egypt, and they wantell 
none. 
Mr. Wrightson, of Stockton, pointed out that the 
lead forward in bridge designing which was exempli­
fied by the structure which was so soon to span the 
Forth was very remarkable, and its creation would 
llIar k an epoch lD this b ranch of engineering. The East 
River bridge, in America, which joined New York to 
Brooklyn, approximated to it in height and span, but 
in that there was simply an extension of the wel l known 
suspension principle. He believed there was no canti­
lever bridge above half the span of that now under dis­
cussion. If the carrying out of the construction were 
not in the hands of th ose who were so well known to 
thoroughly understand it, the public might perhaps 
h ave doubted whether the work were possible ; but, as 
it was, there could be no question th at all promises 
would be fulfilled . He had gone very thoroughly into 
all details, and had the greatest possible confidence in 
the success of the plans. A point that was worthy of 
notice was that the contractors had carried out the 
erection without unduly straining the material as it 
was worked into the structure. The top member of the 
cantilever was doubtless the most diffi cult part to deal 
with in this respect, and an enormous amount of calcu­
lation had been required to work the problem out. Yet 
the ultimate limit of 6� tons had never been exceeded 
at the end of the caTltileVer, for it must be remembered 
that, until the top member was joined to the cross sup­
ports, it was itself a cantilever. 
Mr. James Riley, of the Steel Company of Scotlan d, 
next rose a t  the invitation of the president. He said 
that at first they had had a good deal uf anxiety in reo 
spect to the material , but this had soon disappeared as 
the work went OIl, the more quickly, perhaps, because 
they had been treated with such kindness and leniency 
by the contractors. Not, in deed , that there had been 
great occasion for leniency. for he could honestl y claim 
that their material had always stood the tests required, 
but he was glad to be able to acknowledge the liberal 
and kindly appreciation with which all their efforts to 
produce a steel suitable for the work had been met. 
Any one who was brought in contact, as the speaker had 
been. with Mr. An'ol, the responsible representative of 
the firm of contractors, coul d not but be struck with 
admiration at the resource he possessed in grappJiug 
with any difficulty. Nothing seemed to disturb him ; 
troubles might arise, as they daily must in carryin2: out 
a workof this kind, but Mr. Arrol could always suggest 
a means of overculDing them ; he seemed always ready 
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to devise a solution for any problem, however perplex- wind blowing up and down the river. Mr. Wrightson 
in�. was quite right in saying that the great difficulty was 
The president next invited Sir Lowthian Bell, as a iu ert'cting the top melll ber, and t here was an enorlllous 
director of one of the contributing railway companies, strain 8et up as It grew ontward in t.he process of con­
to add sOlllething as to the financial aspect of the un- strllction. The shearing difficulty would not be present 
dertaking. iu the fini�hed structure, alld it was got over during 
Sir Lowthian Bell, in response to this invitation, said the building by temporarily doubling the parts mosl. 
that at present the financial aspect of the question was I subject to strain, the extra material being removed involved in obscurity ;  but no one, he thought, was when the member was carried out to meet the support­
sufficiently sangnine to suppose that the mere passage ing parts. He had followed with interest what had 
of trains acro�s the bridge, and the fares received from been said about the material used for construction. A 
passengers for that section of their journey, would af- bridge on the same plan had been built near the Nia­
ford an ad equate return for the money now being ex- gara Falls in America, and although commenced after 
pended. Bnt there were other and wider considerations the Forth bridge, it was fi nished first, being a smalier and 
to be taken into account, and the advantages that more easily constructed structure. The American en­
would accrne to the lines in connection with the system gineers, however, had not the same faith in mild steel 
of which the Forth bridge would form a link were that was possessed by their English brothers, and they 
such as wonld fnlly warrant the sinking of the money. seemed to think that steel plates were hard in one corner 
Mr. Adamson, in sUlllming up the discussion, said and soft in another, while they would tUlllble to pieces 
that every one present knew he had had great ex peri- if one only looked at them. The Niagara bridge was 
ence in st ructures of iron aud steel, and he must con- therefore made of iron, and the Eiffel tower, in Paris, 
gratulate the llIelll bers of the Iron and Stt'el Institute was made of iron for the same reason, the French engi­
on the regularity of the mild steel of which the Forth neers thinking steel not reliable. That quality, how­
bridge was constructed. Analysis proved that it was ever, was exactly the one which mild steel essentially 
a material that conld be depended upon, and he would possessed. It was homogeneous ; for it had the same 
iudorse all that Mr. Clark had said, except upon one structure or composition right through. There were 
point. He (Mr. Adal J lson) con�idered that a man who no layers of soft m etal with layers of slag of uncertain 
destroyed a good steel plate by punching it deserved to quantity as in wrought iron. It was ductile, too, and, 
be punched hi lJlself. Steel was now beyond the stage in contirmation of this, the speaker exhibited several 
of wanting to be tested by punching, and the proper specimens and test pieces bent cold. and showing that 
way to ascertain its qualities was by analysis. He had remarkable ductility which is now recognized as a regu­
often told the Illem bers of the I ron and Steel In�titute la\' characteri�tic of the material. He had been asked 
that silicon, phosphorus, and sulphur should be kept whether wind pressures were greater at the top of the 
l ow in 811Ch Illaterial, and referring to the details cantilever than lower down, in answer to which he 
given in t.he author's paper, this would be found to might say there was very little difference. At Inch 
be bOffle out. He considered it wi�e that the strength- Garvie (the small rocky islet in t he middle of the 
enin/ol'�lel1Jents, carhon and manganese, should be high, Forth which had come in so opportunely and saved 
while the undesirable elewents were kept down. such a large deal of expenditure) they had registered 
. " . . . 
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with physical tests, not. chelllical analysis, but they had 
cOllie to the conclusion that physical te!'t� could be met, 
and yet the metal not lJe what it should lJe. The test 
for uoiler plates at the Edgar Tholllson Works was 
higher than that d emanded for the boiler plates of t he 
Uuited Sl ates cruisers, the lilllit for pho�phorus being 
0 '01l5, and the manganese 0' 350 per cent. He had seen 
steel lIJade in America where the heat had been blown 
for eight minutes, the lIJanganese being put in cold, 
and he was of opinion that the reaction had not taken 
place up to the t ime of ",peaking. With regard to steel 
for bridge construction, he considered that not more 
than 0'065 per cent. of pho�phorus should be present, 
and the 'manganese should be kept low, as that was 
the great oxidizing agent. H e  would like to see these 
conditions enforced by law. In conclusion he wished 
to impress on his hearers the necessity for j uoging steel 
by chelllical tests first and letting the phYlSical tests be 
subsidiary to them. 
Mr. James Ril ey asked permission to add a few words 
in reference to what Captain Jones had just said. He 
could not toostrollgly express his convictio n that it was 
not the function of the enl!"ineer t.o say what should be 
the composition of the steel he had t o  lI�e. That was es. 
sentially the provill ce of the UJetallUl'gist or steel maker. 
The engineer llIight in!'bt on allY phy�ical te«ts he liked, 
but he should not dictate how the material shou l d  be 
made. For this reason t he speaker entirely di�agreed 
with Captain Jones' opinion, that engineers should 
specify for chenlical te!!ts and con�ider them before 
physical tests in pas�ing material. 
IMPROVED ELE VATOR FERRY BOAT. 
AMONG the exhibits of naval architecture at the 
Glasgow Exhibition, Messrs. Simons show a cOlllplete 
working Illodel of their patent elevating ferry steamer, 
which was specially designed for passenger and vehicu-
"4Qt. ""101 .. ,W, .. PIA'''"' "","1.110 • 
IMPROVED ELEVATOR FERRY BOAT. 
Mr. Henning said that he had been engaged in the 
erecti on of Illany ",teel struct.ures in AlJlerica, among 
them t.he Ea�t Ri ver bridge, and he wished to say, in 
refert'nce to Mr. Clark's relllarks. that he had always 
ad\"ocated dri lling rather than punching holes-in fact, 
the former wa� looked on as the best practice in the 
United States. 
Mr. Clal'k explained that when Rpeaking of punching 
he referred to a milder steel than that used for the 
Forth bridge. 
In replying to the discussion, Mr. Cooper said he 
was also of opinion that it was bad to pUlJch holes in 
st.eel plates, and he would fn rther add that a bad effpct 
was produced on t he material by the action of shearing. 
It was true that they did flhear the plates used for the 
Forth bridge, hut then they always planed the edges 
arter, and most of the plates were delivered to the re­
quired size. As a matter of economy in workinl!", Illore­
o\'er, he could not see that pn nching and rimering 
was as <oheap as dl'illing, for they would drill five or s ix 
plates at. ol lce At tillH'S, however, when drilling ovel'­
lapping part�, the drill wonld not go just where it 
ought to, and then they were obliged to have recourse 
to I he ri l i ter. 'l'heir experience in this respect was 
quit e enou!!h to teach them to avoid the use of that 
tool as tIIuch as po��ible, and they would always far 
rather drill at one operation than punch and rimer in 
two operati,H1s. 
With regard to the fltrain, upon which a question 
had heen asked, the speaker said that the total strain 
of dead load, live load, and wind was 6,000 tons ; the 
dead load was 2,282 tons, and the live load 1 ,022 
tons, while the wind presl'ure accounted for the rest. 
It would thel'efore be seen how important a factor the 
wind preilsure was in making the calculations, and the 
efl'ed of t.his would bf' seen in the design of the struc­
tme. Looking down the length of the bridge, it ap­
l)Pared a net work of material, so that a rifle bullet 
could not he fired down without hitting some part. A 
view crosswise, was, however, quite different, for it was 
quite open in design, thus allowing free passage for the 
an average of 34 1h. to the square foot, while the wind 
gauges at the shore ends only recorded 12 lb. and 22 lb. 
respectively. This shows that th6 strongest blows 
callie in puffs or flaws, and other records confirmed 
this ; for instance. they had had 19 lb. to the square foot 
on the big board of their wind gauge, and 38 lb. on the 
small one, while fl'OIll another board they had rf>ad 
32 lb. On the big board there were two gauges, and 
the maximum register for one was 32 lb. ;  this was in 
the middle, while at the corner the maximum reading 
was 28 1b. It was evident, therefore, that a large struc­
ture rather than a smaller one was hetter able to stand 
against the pressure of heavy winds, for a small span 
might occupy the whole region of a heavy puff, while 
the mean pressure over a larger area would be consider­
ably less. 
Captain Jones, of the Edgar Thomson Steel Works, 
Pit.tl'burg, was present, and had expressed his desire to 
add a few words to the discussion. 'j'he president. 
therefore, put it to t.he meeting whether the ordinary 
course f'hould be departed from and Captain Jones be 
heard. The result was that Captain Jones was invited 
to speak. He said he had not designed to take part in 
the discussion, but he could not let what Mr. Clark had 
said about the practice of punching steel plates in 
America pass without comment. It was a point upon 
which he, Captain Jones, felt very strongly. Punching 
steel plates was a relic of barbarism, and it was but 
logical it should call forth barbaric remedies. There 
was an appropriateness about the presioent's sugges­
tion to . .  punch a man who punched a plate," but they 
migh t find a more neutral form of treatment equally 
efficacious. Certainly propagation of the species of 
error involved in punching a steel plate should h e  
stopped in the most effectual manner. As to the relative 
cost of punching and drilling, he had long since made up 
his mind about that. for many years ago, in construct 
ing a roof, he had drilled all the holes, and found it 
cheaper than punching. With regard to the use of steel 
in America, they found boiler makers, bridge builders, 
and many others using it largely. They had started 
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lar traffic in Glasgow harbor. This is a most cnriouB 
and interesting craft. The platform or deck may be 
raised or lowered until it is on the salll e level as the 
landing place. Steamers of this type are specially de­
signed to suit the duties to be perforllled or the particll­
lar conditions to be fulfi lled where their services are re­
quired, and the principle upon which they a re con­
stmcted readily ad lllits of snch varialJili ty. When the 
distance to be traversed is short, a s  in cross river service, 
the deck runs fore and aft, and the exit gangways are 
at the bow and stern ; but when the distance is great, 
and eRpecially when rough water has to be encountered, 
the platfol'lJl is ath wartships, and the exit s are at the 
sides of the vessel. Our illustration shows one of these 
vessels having exit platforms at the sid es. Su{,h steam­
ers as these are peculiarly adapted for the tran!'port of 
troops and artillery between the shore and war vessels 
lying off the land.-1'he Engineer. 
THE STEAM LAUNCH DEVA. 
MR. ARTHUR RIGG h as d e�igned It new t.ype of revolv­
ing engine, in which he aillled at c01 l lbining the advan­
tages of an ordinary reciprocating engi ne with those of 
a high speed rotary engine, w ithont, however, adopt­
ing any of their faults. The latter are, in the recipro­
cating engine, eonsiderable vibration at hfgh speeds ; 
and in those rotary engines which are free frolll this 
drawback, great wear on the moving parts, leakage, 
and consequent waste of steam. Mr. Rigg has applied 
his engine to various purposes, both as a stealll and 
water mot.or, and the latest appli cation is t h at of a 
launch engine in the stealll launch Deva, which we 
illur;t.rate opposite. This vessel, shown ill Figl< 1 , 2. and 
3, is 35 ft. Ion!.\" over all. by 6 ft. 6 in. bealll. She draws 
2 ft. 2 in. aft, and is designed to stealll at a SI)8f'd of tf'n 
miles an hour. The boiler is of the ordinary cylin dri­
cal type, with internal flue and return tu bes, and is de­
signed for a working preRsure of 120 lb. per square inch. 
Aft of the boiler is the engine, which we illustratfol in 
Fig. 4 as seen from the front, and immediately behind 
